In this paper, the pneumatic driven manipulation system is driven by the pneumatic cylinders. The proposed system is built by the designed pneumatic force control system and the microscope, which is integrated with the control interface. Firstly, the characteristics of the pneumatic force control system are measured as the proportional pressure control valve. In accordance with these nonlinear characteristics, a self tuning fuzzy controller with a dead zone compensator is designed to improve precision of the pneumatic force control system. From experimental results, the force error can be controlled within ±1 mN. Next, the real-time image is captured by the microscope with a 1/2 type CCD camera. Through designed image processing, image tracking and image recognition, visual image is used to define the position a probe tip. The distance between the target position and a probe tip can be calculated. Finally, the force control of the pneumatic force control system, calculating the distance between the target position and a probe tip, the control processes are integrated with designed the control interface. Visual C++ code from MFC is used to finish the control interface. From experimental results, the position error can be controlled within ± 1 pixel.
Introduction
Manipulator systems are widely applied in many fields, such as in biomedical and semi-conductor applications. Biomedical applications often require a precise manipulation system to perform cell manipulations, such as cell punctures, cutting, and microinjections. The success of these tasks depends on the visual control system technology. Visual control technology can be implemented to track the position of an object and increase the probability of success of the micromanipulation process. Therefore, researchers have developed many types of driven micromanipulation system with combined visual control [1] [2] [3] [4] [5] [6] . Ouyang et al. [4] designed and developed an automatic biomicromanipulation system of visual control with a moving velocity of 10um/s that can be applied to puncture cells. Besides vision control, the success of the manipulation process depends on the technology of the multi-axis drive and the micro/nanometer positioning. Researchers have developed many types of driven manipulation systems. Thielecke H et al. [6] used a stepper motor-based system for cell manipulation that achieved stepwise movement with a step length of 40 nm. Ouyang et al. [4] designed a mechanism manipulation system driven by PZT actuators that achieved fine motion with nanometer resolution. Their micromanipulator was driven by DC servomotors and a PZT actuator.
The advantages of a pneumatic driving system include large stroke and low cost. This paper presents a pneumatic driven micromanipulation system based on pneumatic servo technology. Due to the compressibility, the air leakage, the friction force and the load force, the pneumatic system is time variant and highly nonlinear. The PVA/PV control and friction compensation used in the pneumatic servo positioning system can achieve a position accuracy of ±0.01mm [7] . By utilizing a conventional PD and Fuzzy controller with a velocity compensator, a pneumatic cylinder driven table was developed to achieve the accuracy 20nm [8] .
System Description
The layout of the experimental devices is shown in Fig. 1 . The system can be divided three parts: (a) the microscope (b) the pneumatic force control system (c) the control interface. The visual image can be captured using a CCD camera in the proposed system. The tip of the probe can be determined in image plane through image recognition. The controller sends control signals to the proportional pressure control valve, the force of pneumatic force control system is measured by the force sensor and feedback to the computer through the AD/DA interface card. This system can be controlled to the target force and finished the position control using the visual feedback.
Fig. 1. Layout of the proposed system
Microscope. The microscope consists of an optical microscope, a CCD camera (sensor size 1/2", resolution 640*480 pixel, frame rate 60 frame/s), an image processing board (frame rate 60 frame/s). An optical microscope of magnification is from 3.48 to 78 (image resolution: Max 0.127 micrometer, Min 2.87 micrometer). The image processing board captures the image data through a CCD camera. Pneumatic Force Control System. The pneumatic force control system consists of the low friction pneumatic cylinders, the proportional pressure control valves, a pipette holder, a force sensor and a linear guideway. The pneumatic cylinders push the pipette holder along the linear guideway. The pneumatic cylinder has a stroke of 10 mm. The proportional pressure control valve can be adjusted the pressure from 0.001 to 0.1 MPa with the input voltage (0 to 10V). The force of the pneumatic force control system is measured by the force sensor with 125 uN resolution (Max 500 mN). Control Interface. The microscope system and the pneumatic force control system are integrated by the control interface. The visual C++ code from the MFC is used to finish the control processing and the control interface, which includes force control, tracking image and recognition. The image processing and recognition program is based on the PICOLO imaging library. The normalized correlation is utilized to the image recognition method in this study. Multi thread technology ensured the processing program of the control interface can be synchronized to proceed.
Controller Design
The proposed controller comprises four parts, that is, the visual servo, the self tuning, fuzzy controller, and dead zone compensator, and is shown in Fig. 2 . 
Innovation for Applied Science and Technology
The output boundary of the me mbership functions were adjusted from the experimental results. The proposed design applies the Mamdani's control rules algorithm, and uses the "center of the gravity" to defuzzify and obtain an accurate the control signal. The control signal u ci (k) is defined as: u ci (k)=u fi (k)-C p (k).
where u fi (k) and C p (k) denote the output of the fuzzy controller and the scaling of the controller output, A is effective area of the piston, K v is the positive constant, F r (k) is the target force, In position control, the target force is adjusted with the position error.
Dead Zone Compensator. The characteristics of the proportional pressure control valve create a dead zone in the proposed system. The relationship between the pressure and the control signal is used to guide for the design of a dead zone compensation command. Therefore, to avoid a dead zone influence on force accuracy, the control signal must add " v i " .The dead zone compensator w express as:
Self Tuning Mechanism. Considering the disturbance and uncertain system effects, the robustness of the fuzzy controllers can be increased using a self-tuning mechanism. The output of the scaling factor α is equivalent to the controller gain, which strongly influences the force accuracy and system performance. The scaling factor α was determined from a rule base defined by
which was used to establish 9 control rules and determine the rule table, as shown in Fig. 4 .The scaling factor α includes the three extents and consists of big (B), middle (M), small (S), as shown in Figure 6 . The scaling factor α is normalized between 0 to 0.5.The center of the gravity is used to defuzzify and obtain an accurate the scaling factor α(k). The control law Ui(k)is designed as Ui(k)=udi(k) ×(1+α(k)).
where α(k) is scaling factor 
Conclusions
From the experimental results, the performance of the system can be described in the following as: 1. From experimental results, the force error remained within ± 1 mN. 2. Through image recognition technology, the position of the probe is determined and can be tracked in the image plane. Therefore, the proposed system can be applied to the position control. From experimental results, the position error of the position control stayed within 1 pixel. 3. The proposed system has the advantages of high force accuracy and low cost.
